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Introduction
Epstein-Barr virus (EBV) belongs to the gama-herpesvirinae subfamily and is closely related to human tumors, such as Burkitt's lymphoma, nasopharyngeal carcinoma (NPC) and Hodgkin's disease (1) (2) (3) . NPC is a common neoplasm in Southeast Asia, especially in southern Chinese. In the EBV-associated NPC patients, the proteins of EBV expressed on tumor cells are very limited, and only type II latency EBV antigens such as the latent EBV nuclear antigens (EBNA1) and latent membrane proteins (LMP1 and LMP2A, 2B) can be detected on NPC cells. Endogenously expressed EBNA1 is protected from processing via the conventional HLA class I processing pathway because it contains a glycine-alanine repeat (Gar) domain that prevents degradation by the proteasome complex (4, 5) . LMP1 is an important oncogene, and its target epitopes recognized by virus-specific cytotoxic T lymphocytes (CTLs) in NPC patients are easy to mutate (6, 7) . LMP2A protein is conserved and contains HLA-restrict CTL target epitopes which can elicit strong specific CTL response (8, 9) . So LMP2A is a potential target for immunotherapeutic approaches, although often as a subdominant target.
Computer models usefully complement experimentation in the efficient discovery of MHC-binding peptides and T-cell epitopes, and have been applied successfully to predict T-cell epitopes in infectious disease, cancer, autoimmunity and allergy. Many web-based databases and binding prediction programs are now available. In this study, SYFPEITHI (10, 11) , NetMHC (12) and MHCPred (13, 14) were used for LMP2A-specific CTL epitope prediction. CTLs are the key mediators of specific immune responses against infectious diseases and cancer, and recognition of infected cells by MHC class I-restricted CTLs plays a major role in the anti-EBV immune response (15, 16) . The epitope final identification is based on whether peptide can induce CTL response in peripheral blood mononuclear cells (PBMCs) or not. In our experiment, high-affinity candidate peptides were tested for in vitro immunogenicity with PBMCs from normal donors, and their ability to induce specific CTL cytotoxicity.
In the present study, a combination of bioinformatics tools and in vitro assays (enzyme-linked immunospot assay (ELISPOT), intracellular cytokine staining assay (ICS) and cytotoxicity assays) was used to screen and select antigen sequences as potential LMP2A-specific CD8 + T-cell epitopes. Six HLA-A2-restricted peptides were selected and synthesized according to computer prediction results. Finally, only three peptides, which could induce CTL response to LMP2A in vitro, were identified as LMP2A-specific CTL epitopes.
Materials and Methods

Virus and cell lines
Recombinant vaccinia virus encoding the LMP2A gene (rVV-LMP2A) was proliferated in CV1 cells in RPMI 1640 medium supplement with 2~5% fetal calf serums (FCS), 100 U/ml penicillin, 0.1 g/L streptomycin (all from GIBCO, USA) for use. T2 cell line (HLA-A2 + , LMP2A
-) was kindly provided by Prof. Yi Miao (the First Affiliated Hospital of NJMU) and was maintained in IMDM medium (GIBCO, USA) supplemented with 20% FCS. T2 cells were incubated with specific peptides (20 g/ml) and  2 -microglobulin (5 g/ml) in IMDM medium supplemented with 2~5% FCS for two hours. After washes, peptide-loaded T2 cells were used as target cells in cytotoxicity assay. 293T-LMP2A (HLA-A2 + , LMP2A + ) cell line was HEK-293T cell transfected with pGEZ-LMP2A in our previous work (17) and was maintained in DMEM medium (GIBCO, USA) supplemented with 20% FCS, 800 U/ml G418 antibiotic. The cells were also used as target cells in cytotoxicity assay.
Computational prediction of candidate LMP2A-specific CD8 + T-cell epitopes SYFPEITHI (http://www.uni-tuebingen.de/uni/kxi/), MHCPred (http://www.jenner.ac.uk/MHCPred/), and NetMHC (http:// www.cbs.dtu.dk/services/NetMHC-2.0/) were used for the prediction of LMP2A-specific CD8 + T-cell epitopes. The following criteria were used to select the candidate epitopes: a) having a higher ranking score; b) the score analyzed by polynomial method exceed threshold (-23 is selected); c) occurring in prediction results of above three methods no less than two times.
All peptides were synthesized by 9-fluorenylmethoxy carbonyl-based solid-phase chemistry (purity > 95% pure; KeTai Company, ShangHai, China) and dissolved in dimethylsulfoxide (DMSO). Aliquot of peptides were stored at -80°C.
Preparation of rVV-LMP2A transfected dendritic cells
Dendritic cells (DCs) were induced from PBMCs of HLA-A2 positive normal donors according to previous report (18) . The mature DCs were harvested and resuspended at 2 × 10 6 cells in minimal volume of media. The recombinant vaccinia virus encoding the LMP2A gene was then added to infect mature DCs at multiplicities of infection (MOI) 10. Infection was allowed to proceed for 2 h at 37°C in 5% CO 2 . Then fresh complete media was added to bring the cultures to 2 ml per well. Ten hours later, rVV-LMP2A-DCs were exposure to ultraviolet light (25 min at a distance of 15 cm from a 30 W bulb) in order to deactivate vaccinia virus. In order to determine the viability of vaccinia virus infected DCs, trypan blue exclusion was used to determine viable cells. The expression of LMP2A protein in rVV-LMP2A-DCs was analyzed by FACS assay.
Induction of LMP2A-specific CTLs by transfected DCs CD8 + T cells were enriched from PBMCs of HLA-A2 positive normal donors by positive selection using CD8 Positive Isolation Kit (Dynal, Norway). CD8 + T cells were co-cultured with autologous rVV-LMP2A-DCs at the ratio of 10:1 in 24-well plate in 1 ml RPMI 1640 with 10% human AB serum (TBD, China) at 37°C in 5% CO 2 . IL-2 was added at a final concentration of 20 U/ml to all wells 3 days later and every 2-3 days thereafter. Responding T cells were re-stimulated weekly for 2 weeks with rVV-LMP2A-DCs at same ratio. As the controls, CD8
+ T cells were cultured with cytokine alone at the same time.
IFN-γ ELISPOT assay
Mature DCs were pulsed with each LMP2A-specific peptide at 20 g/ml and maintained in RPMI 1640 with 10% FCS at 37°C in 5% CO 2 for 2 h, followed by 2 washes with serum-free medium. The LMP2A-specific CD8 + T cells (5 ×  10 4 /well) and DCs pulsed with 6 individual peptides (5 × 10 4 /well) were added into precoated flat-bottomed 96-well (DAKEWE, China) and incubated for 24~36 h in serum-free medium lacking IL-2. Unresponsive CD8 + T cells against non-peptide-pulsed DCs at same ratio were served as negative control. The plate was washed and incubated with biotinylated antibody for 1 h at 37°C. After washing, streptavidin-HRP was added and incubated for 1 h at 37°C. The plate was washed and the spots were developed with vector AEC substrate at 20~25°C. Spot development was stopped after 25 min by washing with distilled water. The plate was dried at room temperature and the spots were counted. In this study, the averages of the spots were expressed as the number of spots forming cells (SFC) per 5 × 10 4 CD8 + T cells and responding index (RI) (19) . 
Induction of peptide-specific T cells
PBMCs from EBV seropositive normal donors carrying HLA-A2 were stimulated with each peptide at a concentration of 20 g/ml. Next day, IL-2 was added to a final concentration of 20 U/ml. The medium was changed a week later by replacing the supernatant with fresh medium containing peptide and IL-2. At day 14, living cells were enriched by Ficoll density gradient centrifugation and were Volume 6 Number 2 April 2009 used in intracellular IFN- staining assay or cytotoxicity assay.
Intracellular IFN-γ staining assay
After mature DCs had been incubated for 2 hours with each peptide, they were washed twice with RPMI 1640. These peptide-pulsed autologous DCs (2 × 10 5 ) and peptide-specific CTLs (2 × 10 5 ) were added to a 96-well U-bottomed plate, and incubated for 2 h. The methods used for cell surface staining of CD8 and intracellular IFN- staining have been described previously (20) .
Cytotoxicity assay
In vitro cytolytic activity of T lymphocytes was measured using two-color fluorescence assay. The target cells were labeled with 3,3'-dioctadecyloxacarbocyanine (DiOC 18 (3)) according to manufacturer' instruction (Invitrogen, USA). DiOC 18 (3)-labeled target cells were dispensed in duplicate at 2 × 10 4 cells per well into 96-well U-bottom plates. Unstained effector cells were added at various effector-totarget (E:T) ratios and mixed with the target cells. The cells were pelleted by centrifugation at 1,000× g for 30 s and incubate at 37°C for 4 h. Propidium iodide (PI) counterstaining solution was added into each well for the final 0.5-1 h of culture. After incubation, the assay was conducted and analyzed within 24 h by flow cytometer.
Results
T cell epitope prediction
The frequency of HLA-A2 types in NPC patients is above 50% in the Chinese population and HLA-A*0201 type is the major subtype of HLA-A2 allele. In this study, the nonamers (9 aa) were chosen due to the typical length of a class I ligand comprised 9 amino acids. The sequence of the protein antigen (LMP2A) was treated respectively with YFPEITHI (http://www.uni-tuebingen.de/uni/kxi/), MHCPred (http://www. jenner.ac.uk/MHCPred/), and NetMHC (http://www.cbs.dtu. dk/services/NetMHC-2.0/) with MHC allele and affinity threshold. Thirty high scoring peptides were selected from the result of each prediction method (data not shown). Predicted results were then analyzed by polynomial method according to the report of Gulukota K et al. (21) . If polynomial score exceeded a chosen threshold, the peptide was chose as the candidate epitope. The threshold is chosen as the number that gives a relatively clean separation between binders and non-binders in the training set. In the present study the threshold was -23. The peptides which polynomial scores less than -23 were eliminated from the prediction results. At last, six candidate epitopes (shown in Table 1 ) were selected and synthesized for further analysis.
Expression of LMP2A in transfected DCs
Mature DCs were transfected with rVV-LMP2A at MOI 10 for 12 h. When rVV-LMP2A-DCs were analyzed by flow cytometry, the percentage of transfected DCs expressing LMP2A was 80.69%, which suggested efficient gene transfer (Figure 1) Identification of LMP2A-epitope peptides CTLs specific to LMP2A were obtained from purified CD8 + T cells stimulated with rVV-LMP2A-DCs in vitro. After 2 week culture, the responder CD8 + T cells were stimulated with each peptide-pulsed DCs, and the release of IFN- was detected by ELISPOT assay. The CTL activity was assessed in respect to both the magnitude of the CTL response, expressed as the average number of SFC per 5 + T cells in vitro, we investigated the ability of these peptide-specific CD8 + T cells to produce IFN- after co-culture with peptide-pulsed autologous DCs by ICS assay. As shown in Figure 3 , the number of antigen-specific CD8 + IFN- + double-positive cells induced by peptides was over 10 fold higher than that without stimulation. No significant response was found when co-culture with peptide-pulsed HLA-A2-negative DCs (data not shown). This result indicated that these three peptides should be considered as CTL epitopes of LMP2A protein and were presented by HLA-A2 molecules, not by other MHC alleles.
In vitro CTL lysis activity by peptide stimulation
The current flow cytometry-based cytotoxicity (FCC) assay for detecting CTL-mediated lysis is a nonradioactive alternative to the traditional 51 Cr release assay. Here, we conducted FCC assay to determine CTL activity. PBMCs from EBV-seropositive/HLA-A2-positive normal donor were stimulated with each peptide (LMP2A 264 , LMP2A 426 and LMP2A 356 ) in medium supplemented with IL-2. After two rounds of peptide stimulation, the CD8 + T cells were purified with Dynabeads and used as effector cells in cytotoxicity assay. T2 cells loaded with each peptide derived from LMP2A protein or 293T-LMP2A cells were used as target cells. Corrected % cytotoxicity was equal to the percentage of dead target cells in the presence of effector cells corrected for spontaneous target-cell death in the absence of effector cells. When 293T-LMP2A cells were used as targets in cytotoxicity assay they were recognized by above three peptide-specific CD8 + T cells, indicating that peptide LMP2A 264 , LMP2A 426 and LMP2A 356 were naturally occurring peptides and could be endogenously processed and presented by the 293T cells expressing LMP2A protein.
There were no differences in specific lysis activities of these three peptide-specific CTLs (Figure 4) . To test whether the recognition by these three peptide-reactive CTLs was (Figure 4 ). This further confirmed that these three peptides were LMP2A-specific HLA-A2 CTL epitopes.
Discussion
T cell epitopes that are derived from its own cells and others can provoke the cellular immune responses after presenting to T cell. Previously, CTL epitopes were mapped using large arrays of overlapping synthetic peptides. The large number of protein sequences available for mapping is now making this method prohibitively expensive and time-consuming. At present, the synthesis of peptides prior to its MHC molecules with the possibility forecast screen out the most likely some antigen fragments, not only reduces the workload and cost, but also improves the ratio of test, which becomes the most popular approach for CTL epitope research (22) . Certain differences exist in results of different CTL epitope prediction methods, due to their database source of building matrix motifs and different forms of scoring function. Here, epitope-prediction program SYFPEITHI, NetMHC and MHCPred were used to analyze the sequence of LMP2A according to their different algorithms. There were ninety peptides predicted using above three methods on the whole (30 peptides per method) and only seventeen peptides occurred no less than two times in the ninety peptides (data not shown). At last, six of the seventeen peptides were selected to be studied because other peptides were too hydrophobous to do in following tests (Table 1) . Predicting a same antigen sequence with different prediction programs is a good method for CTL epitope research. It combines the advantages of above three methods and reduces the workload greatly.
Recently, there have been many attempts to use genetransfected DCs to sensitize T cells to recognize target cells expressing relative antigen in research of EBV-relative malignancies (23) (24) (25) (26) . In a variety of vectors, vaccinia virus has more recently been used as a versatile eukaryotic expression vector and is important in tumor gene transfecting. Indeed, several studies have shown that vaccinia gene has successfully transfered into human DCs and results in induction of a T-cell response against tumor (27, 28) . Our results showed that the expression of LMP2A in transfection DCs reached a high level of 80.69%, which indicated efficient gene transfection. In some studies, EBV transformed B lymphoblastoid cell lines (LCLs) have been used to induce EBV-specific CTLs, but LCL against immunodominant EBV antigens such as the EBNA3A, 3B, and 3C that are not expressed in EBV-associated NPC (29) . Here, the responder LMP2A-specific CD8 + T cells were induced by rVV-LMP2A-DCs instead of LCLs. The result showed that it is a useful method to stimulate T cells in vitro by dendritic cells infected with antigen-carrying vaccinia or adenoviral vectors.
In the study, we predicted six candidate peptides by computer prediction results. But not all peptides were effective LMP2A-specific CTL epitopes. It needs to be confirmed through functional experiments in vitro because prediction precision is not yet completely satisfactory and some peptides, although good binders, are never processed properly for presentation. In order to identify the CTL epitope specific for LMP2A, we generated CTLs specific to whole LMP2A protein by method of stimulation with rVV-LMP2A-DCs (see Materials and Methods). When the CTLs co-cultured with each peptide pulsed-DCs, IFN- release was detected by ELISPOT. As a result, only specific spots were formed in the wells where stimulated with LMP2A 264 (QLSPLLGAV), LMP2A 426 (CLGGLLTMV) and LMP2A 356 (FLYALALLL) pulsed-DCs respectively. The assay proved that LMP2A protein could be endogenously cleaved in three nonamers (QLSPLLGAV, CLGGLLTMV, FLYALALLL) at least and processed by autologous DCs to present MHC-peptide complex on DC surface. Since LMP2A constitutes potentially the major target antigen for immunotherapy of NPC, many researchers aimed to identify T-cell epitopes located in this protein and defined some T-cell epitopes (30, 31) , such as peptide LMP2A 426 and LMP2A 356 , which were LMP2A specific epitopes. We also defined them in our study. However, to our knowledge, peptide LMP2A 264 was the first LMP2A-specific CD8 + T cell epitope identified in Chinese population.
Peptide-specific CTLs could be harvested by two methods: a) induction of CTLs with APCs (such as DCs) pulsed with peptide, b) induction of CTLs from PBMCs with peptide stimulation directly. Responding T cells were re-stimulated weekly for at least two weeks in both methods. We adopted the latter method for its convenience and availability. Then the characterization of peptide-specific CTLs was analyzed in vitro by ICS and cytotoxicity assays. All of three peptide-specific CTLs induced from EBVseropositive/HLA-A2 positive normal donor were able to recognize the peptide-pulsed autologous DCs in ICS assay, while the CTLs could not recognize peptide-pulsed HLA-A2-negative DCs. In our previous work, the 293T-LMP2A cell line was proved to express LMP2A protein (17) . The peptide-specific CD8 + T cells effectively killed HLA-A2 + LMP2A + 293T cells but not the normal 293T cells (HLA-A2 + LMP2A -). These data confirmed that the peptides LMP2A 264 , LMP2A 426 , and LMP2A 356 were specific LMP2A epitopes and its presentation to the cell surface in the context HLA-A2 molecules.
Taken together, six candidate peptides of LMP2A were predicted by computer and three peptides (LMP2A 264 , LMP2A 426 and LMP2A 356 ) were identified as HLA-A2 restricted LMP2A-CTL-epitopes with experiments in vitro. Furthermore, LMP2A 264 (QLSPLLGAV) is a novel LMP2A-specific-epitope that was the first be demonstrated in this study. It provides good candidates to design the peptide-based immunotherapeutic strategies for the treatment of EBV-seropositive NPC patients.
